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ANTENNA MEASUREMENTS WITH 
ss etek peaks tO RADIO-FREQUENCY BRIDGE 


eeisineaeeaieiaeeaaae @ ALTHOUGH THE TYPE 516-C 
NANCE Nortes...... 8 RADIO-FREQUENCY BRIDGE has 
been discontinued and will later be replaced 

by the Type 916-A, a considerable number of these bridges are in use in 
broadcasting stations, where they are quite satisfactory for measure- 
ments on antennas, lines, coupling networks, and other radio-frequency 
impedances, at standard broadcast frequencies. The instruction booklet 
supplied with this bridge covers quite completely the laboratory use of 
the bridge in measuring radio-frequency impedance, but it does not 


present the material in the 
. oes f FicureE 1. Measuring the impedance of an antenna 
most COBVCERES MANE fe tower as seen from the “dog house”’ at the base. 


those who are interested solely 
in measuring antenna systems. 
It is the purpose of this article 
to supplement the operating 
instructions by outlining what 
has been found to be the most 
convenient procedure and by 
pointing out the precautions 
that must be observed if satis- 
factory results are to be ob- 
tained. 
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SETTING UP 
THE BRIDGE 


Adequate shielding and 
grounding are important. 
Shielded conductors must be 
used for connecting the bridge 
to the generator and to the 
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detector. The UNKNOWN binding 
post marked G must be grounded 


through as short a lead as_ possible, 
preferably not more than one or two 
feet. Grounding through the knurled 
panel screws is not satisfactory because 
the screws may not be in good electrical 
contact with the panel. To test for 
proper grounding, touch the panels of 
the bridge, detector, and generator 
after the bridge has been balanced. If 
the grounding is adequate, no effect 
upon the balance will be observed. If 
touching the bridge panel throws the 
bridge out of balance, the grounding is 
inadequate. This condition can some- 
times be remedied by using individual 
ground leads for the bridge, the genera- 
tor, and the receiver. A better remedy 
is to use coaxial terminals for the con- 
nection to the receiver input. General 
Radio Type 774-G Panel Plug and 
Type 774-M Cable Jack are satisfactory. 

It is important that a well-shielded 
generator be used to prevent pickup not 
only from the generator to the detector, 
but also from the generator to the 
antenna under measurement. A stand- 
ard-signal generator, such as the TYPE 
605-B, is an excellent power source for 
these measurements. 

Even at broadcast frequencies, it is 
essential to use a shielded receiver. The 
so-called communications type is recom- 
mended. The AVC, if any, should be 
disconnected, since its action tends to 
make the balance point difficult to locate. 


BALANCING THE BRIDGE 


For antenna measurements, the bridge 
is used as an equal-arm capacitance 
bridge, and so the balance point depends 
upon the adjustment of both the CA- 
PACITANCE and RESISTANCE con- 


trols. 


If one control is not set correctly, a 
minimum in the signal may be observed 
when the other is turned through its 
correct setting. Successive adjustments 
of both controls must be made until the 
signal in the detector is reduced to zero. 

The balance point is frequently very 
sharp and may easily be missed if ad- 
justments are made too rapidly. For a 
rough preliminary balance it may be 
desirable to use a modulated signal, with 
the receiver sensitivity turned well 
down. As balance is approached, the 
sensitivity can be increased. For a final 
balance, maximum accuracy, sensitivity, 
and signal-to-noise ratio are usually ob- 
tained by using an unmodulated signal, 
with a heterodyning oscillator to produce 
an audible beat tone. 


METHODS OF MEASUREMENT 
Although the Type 516-C is suffi- 


ciently flexible to permit measurements 
to be made by a wide variety of methods, 
it has been found by experience that one 
or more of the following three methods 
are most suitable for antenna measure- 
ments: 

(1) Series Capacitor — The resistance 
range with this method is the same as 
with the direct method, but the capaci- 
tance range is greatly increased and, in 
addition, inductive reactance can be 
measured. 

(2) Parallel Capacitor — The resist- 
ance range can be extended with this 
method but the actual range depends on 
the magnitude of the antenna reactance. 

(3) Series and Parallel Capacitors — 
This is a combination of methods (1) and 
(2), and permits the measurement of re- 
actance and resistance over wide ranges. 


THE SERIES CAPACITOR 
METHOD 


Of the above three methods, the series 
capacitor method is the one almost 























universally used for antennas whose 
resistive component does not exceed 
311 ohms. Since a large number of the 
antennas operating at standard broad- 
cast frequencies fall into this category, 
this method is discussed first, with par- 
ticular reference to operating procedure, 
and to reduction of errors caused by lead 
reactance. 

Connections for this type of measure- 
ment are shown in Figure 2. A condenser, 
Cs, of such magnitude that the total 
series reactance presented to the UN- 
KNOWN terminals is within the range 
of the balancing condenser, Cy, is con- 
nected in series with the unknown im- 
pedance. An initial balance is established 
with Z, shorted; the short is then re- 
moved and the bridge rebalanced. Con- 
nections for the two balances are indi- 
cated in Figure 3. 

The series resistance and reactance of 
the antenna are given by 


R, = Ro -— Rk, (1)? 
1c, -—C 

; # aa isin 2 . . (2) 
€9) C Co ' 


where the subscript | refers to the initial 
balance and the subscript 2 to the final 
balance. A positive value of X, indicates 
an inductive reactance; a negative value, 
capacitive reactance. 


REACTANCE BALANCE 


The best value of the capacitance, C's, 
depends upon the reactive component of 
the antenna impedance. Since the value 
of the unknown reactance, X,, is de- 
termined by the difference in capacitance 





'The RESISTANCE control of the bridge has a direct- 
reading range from 0 to 111 ohms, but provision is made for 
inserting external fixed resistors in series. The range can be 
increased to 311 ohms by inserting 200 ohms in series. If a 
resistance larger than 200 ohms is placed in series, the 
shunting effect of the ground capacitance of the condenser, 
Cy, introduces an appreciable error, particularly at frequen- 


cies above one megacycle. 

The Type 500-D (100 Q) and the Tyre 500-E (200) are 
recommended for use as series resistors. 

?Ri can be made zero by establishing the initial balance 
with the POWER FACTOR and POWER FACTOR AD- 
JUST controls. 
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settings between the two_ balances, 
fairly large errors can occur if this differ- 
ence is small, and for maximum accuracy 
it is desirable to select a value of Cg to 
make Cz — C, as large as possible. This 
is achieved by choosing the largest value 
of Cs for which the bridge will balance 
initially, if the antenna reactance is 
capacitive; and the largest value for 
which the bridge will balance with the 
antenna connected, if the antenna re- 
actance is inductive. A good procedure 
to follow is to make a trial balance with 
a 1000 uyf series capacitor. If the un- 
known reactance is inductive, the setting 
of the CAPACITANCE dial will in- 
crease. Successive values of Cg then 
should be tried until the largest value is 
determined for which the CAPACI- 
TANCE control will balance with the 
unknown in circuit. If the unknown re- 
actance corresponds to a capacitance 
sreater than about 50 wyf, it will be 
possible to balance the CAPACITANCE 
control of the bridge, at a setting lower 
than the initial setting. 


RESISTANCE BALANCE 


In the discussion above it has been 
assumed that a balance can be obtained 
by adjustment of the RESISTANCE 
controls of the bridge. If the recom- 
mended fixed resistors are used, this 


FiGuRE 2. Diagram of connections for measuring an un- 
known impedance, Za, by using the series capacitor Cs. 





ne ni, 


UNKNOWN 
Cs 





C ae 
© 






































GENERAL RADIO & 


will be true when the unknown resistance 
does not exceed 311 ohms. A balance 
should be attempted with the SERIES 
RESISTOR terminals short-circuited by 
means of the strap that is provided. If 
the RESISTANCE controls cannot be 
balanced, the 100-ohm, or, if necessary, 
the 200-ohm, resistor should be plugged 
in. Failure to obtain a balance at 311 
ohms or below indicates that the parallel- 
capacitance method or a series-parallel 
connection must be used. 


LEAD CORRECTIONS 


The leads from the bridge to the un- 
known should be as short as possible, 
certainly less than three feet, and should 
be kept a reasonable distance away from 
grounded metal objects, in order to 
minimize capacitance to ground. The 
series capacitor should be connected at 
the antenna end of the lead, as close as 
possible to the point at which the an- 
tenna impedance is to be measured. By 
this method of connection, the induc- 
tance and resistance of the lead remain 
in series with Cg for the initial as well 
as the final balance, and drop out of the 
calculation for the antenna impedance. 

The lead capacitance introduces small 
errors into the calculated values of resist- 
ance and reactance. The lead capacitance 
can be easily measured, however, and 
allowance made for it. 


The lead capacitance, C), is deter- 
mined by a substitution method, wherein 
initial balance is established with a fixed 
capacitor connected directly across the 
UNKNOWN terminals of the bridge. 
The lead is then connected to the un- 
grounded terminal of the bridge. The 
series capacitor is disconnected from the 
antenna but is still connected to the far 
end of the lead. A new balance is made, 
and the difference of the two capacitance 
readings is C; which includes the ca- 
pacitances to ground of the series ca- 
pacitor, as well as that of the lead itself. 
The correction for lead capacitance is 
made by using the following expressions: 


C 2 
R, = R (1 + *) (3) 
2 


wae (I+ e)\'+e) 


wl; Ce 
NUMERICAL EXAMPLE 


The following data illustrate the procedure 
and data for a typical antenna measurement at 
a frequency of 1300 kilocycles. 

To determine the most suitable value of Cs, 
a balance with Cs = 1000 uuf was attempted. 
One side of the capacitor was connected to the 
ungrounded UNKN OWN terminal through a 
two-foot length of insulated wire, and the other 
side connected to the antenna input through a 
few inches of lead. With a modulated signal 
from the generator, and the volume control of 
the receiver set to a low level, it was impossible 
to obtain a minimum with either bridge control. 
A slight decrease in intensity was observed 
when both controls were turned to maximum, 
however, indicating that the antenna reactance 
was inductive, and that R, was greater than 111 
ohms. Consequently, the 1000 yuuf series capaci- 
tor was replaced by a 500 uyf unit, and a 100 2 





FicurE 3. Diagram of connections for the two measurements necessary to determine antenna 
impedance by the series capacitor method. Additional measurements, described in the text, 


are necessary to determine the connection for Cj, the lead capacitance. 
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resistor was inserted at the series resistance 
terminals. A definite minimum was now ob- 
served with the CAPACITANCE control of 
the bridge set at about 650 ywuf and the RE- 
SISTANCE control set at a maximum. Accord- 
ingly, the 100 © external resistor was replaced 
by a 200 unit. A true null was now obtained 
at R200 + 39 Q, CH648 wf. The CA- 
PACITANCE dial setting suggested that a 
somewhat larger series capacitor might be used, 
and the 100 wf unit was plugged in parallel 
with the 500 yuuf already in circuit. This was 
tried and the CAPACITANCE control bal- 
anced at a setting over 900 uuf. With the proper 
value of series capacitor and SERIES RESIS- 
TOR determined, the data for calculation were 
obtained as follows: 

(1) With the series capacitor grounded at 
the antenna end, the SERIES RESISTOR 
terminals shorted, and the RESISTANCE 
control set to zero, a balance was obtained by 
means of the POWER FACTOR ADJUST and 
CAPACITANCE controls. The balance oc- 
curred with the large CAPACITANCE dial set 
at 620, and the auxiliary dial set at —9.4. Thus 


C, = 620 — 9.4 = 610.6 upf 


(2) With the series capacitor connected to 
the antenna, and the 200 © resistor connected 
to the SERIES RESISTOR terminals, the 
bridge was balanced (leaving the POWER 
FACTOR controls untouched) and the follow- 


ing data obtained: 
R, = 200.0 + 38.8 = 238.8 ohms 
C, = 930 + 3.3 = 933.3 uuf 


(3) A computation using the above data, 
and neglecting the lead capacitance, yields: 





R, = Ro = 238.8 ohms 
» 1, —C; 
Ao w CC. 


= (933.3 — 610.6) « 1072 
~ 6.28 * 1.5 X 10° x 933.3 « 610.6 « 10-4 


= +60.0 ohms (inductive) 
Za = 238.8 + 760 


(4) The value of C;, the lead capacitance, 
was determined by connecting the 1000 uuf 
capacitor across the UNKNOWN terminals, 
disconnecting the lead at the bridge, replacing 
the link across the SERIES RESISTOR ter- 
minals, and balancing the bridge. The CA- 
PACITANCE controls balanced at 990 plus 
8.8 uuf, but were rebalanced at 1000 minus 1.2 
uf, thus permitting the change in capacitance 
to be observed entirely on the AUXILIARY 
dial. With the lead connected to the high UN- 
KNOWN terminal and the series capacitor dis- 
connected at the antenna side, the balance was 
obtained with the auxiliary CAPACITANCE 
control set at plus 5.6 uuf. The value of C; was 
thus 5.6 — (—1.2) = 6.8 uuf. 

(5) The corrected values of R, and X, are 
determined by substituting the above values in 
Equations (3) and (4). 
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6.8 \? 

a (1 T 933.3 

= (238.8) (1.0146) 

= 242:3 ohms 
X, = (60.0) (1 + 553) (1 4 
aan see 933.3 

= (60.0) (1.0184) 

= 61.1 ohms 
Zo = 242.3 + j6l.1 

In this particular case, neglect of the lead 
capacitance causes an error of less than 2% in 
the calculation of either component. 

The above procedure may seem rather 
lengthy, but it should be borne in mind that, 
once a measurement has been made, additional 
measurements to study the effect of minor 
antenna adjustments, or of changes in fre- 
quency, can be made quite rapidly. 


THE PARALLEL CAPACITOR 
METHOD 


When the series resistance of the an- 
tenna exceeds 311 ohms, the parallel 
capacitor method should be tried. The 
technique of this type of measurement 
is quite similar to that for the series 
substitution method, already described. 
The computations, however, are some- 
what more involved because of the trans- 
formation from parallel to series com- 
ponents that is required. 

The parallel capacitor method consists 
essentially of connecting, in parallel with 
the unknown impedance, a capacitance 
of such magnitude that the impedance 
of the combination lies within the range 
of the bridge. Connections are shown 
schematically in Figure 4. The initial 
balance is made with the parallel capaci- 


6.8 
610.6 


Ficure 4. Connections for the parallel-capacitor 
method of measurement. 
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tor connected to the bridge, with the 
lead connected to the bridge but discon- 
nected at the antenna end, and with the 
RESISTANCE decades set to zero. The 
lead is then connected to the antenna, 
and the bridge is rebalanced. The fol- 
lowing equations give the series resist- 
ance and reactance of the antenna: 














<i ; 
. i (- C2 — =) 
R2 + (- = 5 
o + » CO (9) 
. oe (- = *) 
X te . wl's G Ci Co 
wl ag. ea a 
R2 ie WON 6 
+(¢ a (6) 


where C, is the reading of the CA- 
PACITANCE dial for the initial bal- 
ance, and Cs and Ro are the CAPACI- 
TANCE and RESISTANCE setting for 
the second balance. The fact that the 
same terms appear in both expressions 
simplifies the calculations. 


CHOICE OF PARALLEL 
CAPACITOR 


The best value of parallel capacitance 
depends on the magnitude of the antenna 
impedance and can thus be determined 
only by trial. In general, the best value 
to use is the smallest capacitance with 


which a final CAPACITANCE balance 


can be obtained. Occasionally, however, 


it may be desirable to use a larger value, 
to permit the RESISTANCE controls 
to be balanced without the use of ex- 
ternal SERIES RESISTORS. Probably 
the most rapid way to determine the 
proper value of Cp is to make a first 
trial balance using the 500 uyf parallel 
capacitor, and leaving the SERIES 
RESISTOR terminals short-circuited. 
If the change in capacitance is small, a 
smaller value of capacitance should be 
tried; if the resistance component of bal- 
ance cannot be obtained with the in- 
ternal resistance decades, an external 
series resistor should be added, or a 
larger value of parallel capacitance tried. 
If it is impossible to obtain a balance 
using the largest available capacitor 
(1000 yuuf) and the largest permissible 
external resistor (200 ohms), the use of 
one of the other methods is indicated. 


LEAD CORRECTIONS 


Unlike the series capacitor method, 
the parallel capacitor method yields the 
most satisfactory results when the auxil- 
iary capacitor is connected directly to 
the UNKNOWN terminals of the 
bridge. The lead to the antenna termi- 
nals should be left connected at the 
bridge, and the initial balance made with 
this lead disconnected at the antenna 
terminal. The lead capacitance thus re- 
mains always in parallel with the auxili- 
ary capacitance, is measured as part of 
it, and introduces no error into the 


FIGURE 5. Diagram of connections for the two measurements to determine the lead inductance LI. 
Procedure and calculatious are outlined in the text. 
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measurement of the antenna impedance. 
The lead inductance, however, is in- 
cluded in the calculated value of an- 
tenna reactance. The true value of X, is 
determined simply by subtracting the 
lead reactance from the value given by 
Equation (6). 

The lead inductance (L;) can _ be 
measured as shown in the two diagrams 
of Figure 5. Balance the bridge with 
the 1000 yyuf capacitor connected to 
the UNKNOWN terminals, and with 
the lead to the antenna in place, but dis- 
connected at the antenna terminals. Re- 
move the 1000 uuf capacitor, connect it 
to ground at the far end of the lead in 
such a manner that the position of the 
lead remains unchanged, and rebalance 
the bridge. If the first and second CA- 
PACITANCE readings are denoted by 
C’ and C”, respectively, the inductive 
reactance of the lead is given by 


1C’-C’ 
, oe oes 
a i. ae 





(7) 


NUMERICAL EXAMPLE 


The following procedure and data are repre- 
sentative of measurements of an antenna hav- 
ing a resistance greater than 311 ohms, at a 
frequency of 2000 kilocycles. 

By ri rho the general procedure outlined 
in detail in the numerical example for the series 
capacitor method, 300 ywuf was determined to 
be a suitable value of parallel capacitance. 

(1) The initial balance was established with 
300 yuf plugged into the unknown terminals, 
and with the lead to the antenna in place but 
disconnected at the antenna end. The POWER 
FACTOR and RESISTANCE controls were 
set at zero, and the balance obtained by adjust- 
ment of the CAPACITANCE dials and the 
POWER FACTOR ADJUST knob. The bal- 
ance occurred with the large CAPACITANCE 
dial set at 300 uuf, and the auxiliary dial set at 
+8.8 wu. 

(2) With the lead connected to the antenna 
the new positions of the main and auxiliary dials 
were 510 and —3.2 uuf respectively, while the 
setting of the RESISTANCE decades was 
found to be 98.5 ohms. 

(3) The data and calculations were as follows: 


C, = 300 + 8.8 = 308.8 uuf 
w =2rf = 6.28 K2 X 108 
= 12.56 x 10° 
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! | 
wl; 12.56 X 10° < 308.8 x 10-” 
= 258 ohms 





( t ) = 66,600 
wl 
Cy = 510 — 3.2 = 506.8 put 

















iCa«, 506.8 — 308.8 
. t ~*~ 
= 100.8 ohms 
i 00 
(- CC, = 10,160 
=: l 
wl, 12.56 X 10° X 506.8 X 10-2 
= 157 ohms 
( J ) = 24,700 
wlio 
R,. = 98.5 ohms 
R,2 = 9,700 


Substituting in Equations (5) and (6) 
98.5 xX 66,600 








~ 9.700 + 10,160 ~ >>! ohms 
we: 9,700 — 157 X 100.8 
Xa = 258 X “9700 + 10,160 

= —§80.0 ohms (capacitive) 
Z, = 331 — 780.0 ohms 


(4) The inductive reactance of the lead was 
determined by the method outlined under 
LEAD CORRECTIONS above. The CA- 
PACITANCE readings C’ and C” were 510 + 
1.2 wuf and 540 — 4.2 uuf. From Equation (7) 
1 c tae " sg 


Xz, ==- 
@ ” ate Ww 





ms 535.8 — 511.2 
~ 12.56 X 10® x 535.8 X 511.2 x 107? 
= +7.15 ohms 


The corrected value of antenna reactance is 
thus 





Xa = —80.0 — 7.15 = —87.2 ohms 
Z, = 331 — 787.2 ohms 


In this case, neglect of the lead reactance 
would have resulted in an error of nearly 10° 
in the calculated antenna reactance. 


FicgurRE 6. For the occasional measurement where 

neither the series capacitor nor parallel capacitor 

method is satisfactory, a combination of the two can 
be used as shown here. 
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SERIES AND PARALLEL 
CAPACITOR METHOD 


The methods described above gen- 
erally ‘suffice to measure antenna im- 
pedance over the ranges normally met 
in practice, but occasionally extreme 
values of reactance, or certain combina- 


shown in Figure 6, usually permits a 
measurement to be made. 


USE OF CHARTS 


When approximate results are desired, 
it is convenient to use a chart to deter- 
mine the quantity — tls. 
Ww CC, 
this chart can be obtained from the 
General Radio Company. Another con- 
venient chart is a log-log plot of reac- 


. Copies of 











tions of resistance and reactance, are 
encountered that do not permit a bal- 
ance with either a series or a parallel 
capacitor alone. In such cases the use of 
both series and parallel capacitors, as 





tance vs. capacitance for some nominal 
frequency such as 1 megacycle. Conver- 
sion to other frequencies can be made by 
dividing the 1-Mc reactance by the 
frequency in megacycles. 
















SERVICE AND MAINTENANCE NOTES 
CORRECTIONS 


@ ADDITIONAL ERRORS AS LISTED BELOW have been discovered in 
the first printing of Service and Maintenance Notes. Please check your copies and 
make corrections as necessary. 
Type 544-B Megohm Bridge 

Page 3: Paragraph 7.1, read 6K6G for 6K5G; paragraph 7.2, read 6J5G for 














6V5G. 
Page 4: Paragraph 9.1, read 10.0 and 11.0 for 3.0 and 4.0; paragraph 11.1, read 
10.3 for 1.0. 
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Catalog K was issued in 1939. Our next Catalog was 
scheduled for January 1, 1941. Because of war devel- 
opments and the fact that our plant was already 
heavily engaged in defense work, it was decided to 
defer publication until January 1, 1942. The actual 
declaration of war now makes it advisable to postpone 
indefinitely the publication of a new Catalog. 


New instruments have been added, old instruments 
have been dropped. Revisions have been made in 
others. Most of these changes have been announced 
J in the General Radio EXPERIMENTER in the period 

since the release of Catalog K, and most customers 
are already familiar with them. 


Price ceilings subject to Schedule 136 have been 
established as of October 1, 1941. and effective June 
1, 1942. To provide in a single place a summary of all 
prices, this list has been issued. It supersedes all other 
price lists. 

We regret that “Discontinued” appears after so 
many items. This is largely a war measure, and we 
hope that ultimately many of these items will again 
be available. The increasing shortage of critical 
materials threatens, however, to remove even. more 
instruments from the available list, and makes neces- 
sary the use of substitute materials in many others. 
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Type Price 
70 . .  . Discontinued 
80 . . .. Discontinued 
90-B .. Discontinued 
§100-Q, R. | $40.00 
§100-QG2, RG2 . 85.00 
$100-QG3, RG3 . 130.00 
106-G, J, K, L . 25.00 
106-M ._—_.. 30.00 
107-J, K, L . 39.00 
107-M, N 40.00 
119-A 1.50 
119-B ; 2.00 
138-A, D. Discontinued 
138-B,Q. . 10 
Package of 10 40 
Package of 100 2.25 
138-C a 10 
Package of 10 50 
Package of 100 3.20 
138-V, VD, X_ . & 
Package of 10 35 
— of 100 12.00 
139-181 4.00 
139-481 4.00 
139-489 4.00 
139-503 22.00 
6-509... 4.00 
154 . . . Discontinued 
200-B. i. = es 
200-CM . 17.50 
200-CU 14.50 
200- CMH 21.50 
200-CUH 18.50 
200-CUG2 36.50 
200-CUG3 56.00 
200-CUHG2 44.50 
200-CUHG3 68.00 
teas Discontinued 
*214-A 2.00 
219-K__sa.. 90.00 
219-L, N . Discontinued 
21I9-M wt tiwsi‘(‘<<é‘( W:;:tC 
246 . . . Discontinued 
247 . . . Discontinued 
249-H 120.00 
249-T 100.00 
274-D 25 
, 2.25 
274-J. .. 10 
10 . 55 

100 . : 3.50 
1,000- 1 999 33.25/M 
2,000-19,999 31.50/M 
20,000-49,999 31.15/M 
50,000 and up ~—_:30.65/M 
274-K, L Discontinued 
§274-M 50 
oe .. 3.50 





Type Price 
274-ML . Discontinued 
274-NC . $1.50 
274-ND . 1.50 
274-NE 4.00 
274-P ' ‘ha 
10. .90 
Sa 6.25 
1,000-— 1,999 59.40/M 
2,000-19,999 56.25/M 
20,000-49,999 55.65/M 
50,000 and up =—_— 554.70/M 
274-RJ 1.00 
274-SB .65 
274-U ee 15 
Package of 10 1.00 
Package of 100 8.00 
274-X as 10 
10. .60 
100... 4.25 
1,000- 1,999  40.40/M 
2,000—19,999 38.25/M 
20,000-49,999 37.90/M 
50,000 and up —_37.20/M 
274-Y .20 
Package of 10 1.35 
274-Z 30 
Package of 10 2.10 
293 . Discontinued 
*301-A (5, ‘10, 20, 50, 
100, 200, 500, 1000, 
2000, 50009) . 1.00 


301-A (10 000, 20 0000) 1.50 


*314-A 4.00 
318-B 35 
329-J . Discontinued 
333-A . . Discontinued 
334 . .  . Discontinued 
335 . .  . Discontinued 
339-A 2.50 
Se 2.00 
358 . .  . Discontinued 
368-A .90 
368-B 1.00 
368-C_. 1.50 

*371-A, T. 4.00 
376-L 85.00 
376-M 50.00 
380-F i. 58.00 
380-L, N 10.00 
380-M 12.00 
380-P3 5.00 
410-A Discontinued 
418-G 10.00 
419-A 100.00 
434-B 140.00 
449-A 58.00 

*471-A 6.00 





Type Price 

§|/475-C . $330.00 
476-A i, Discontinued 
480-A, B . Discontinued 
483-F 54.00 
487-A 95.00 
492-A 7.00 
493 Discontinued 
500-A, ‘B, Cc. D, E, F, 

G, H, J 2.00 
505-A, B. E, F, G 3.50 
ee ene 4.00 
505-L 4.50 
505-M 9.90 
505-R, T Discontinued 
509-F, G 12.50 
509-M 15.00 
509-R 18.00 
509-T 22.00 
509-U 25.00 
509-X. 32.00 
509-Y gh Ae 48.00 
510-A, B, C, D. 8.50 
a 12.00 | 
510-F 14.00 
510-G 30.00 
510-P3 5.00 
516-C . . Discontinued 
516-P2, P3, P4, P5, 

P6, P7, P10 Discontinued 
SISA Ctx 1.75 
520-A 75 
522-A 35 
525 Discontinued 
526. Discontinued 
530-A 30.00 
530-C Discontinued 
533-A Discontinued 
539-A 22.00 
539-B 23.00 
539-C 24.00 


Calibration Carve 4.00 
Calibration Table 3.50 


539-J . 10.00 
539-K 11.00 
539-L, T . 12.00 
539-P, X Discontinued 
yp ae 15.00 
544-B (a-c, 90 v) 
Discontinued 
544-B (a-c, 100 and 
ey). . 235.00 
544-B (battery oper- 
ated) 175.00 
544-P2 Discontinued 
544-P3__. 75.00 
544-P10 . 15.00 


*Resistance values have been changed. See General Radio Experimenter for September, 1941. 


§ New model replacing that listed in Catalog K, 1939 edition. 
||When present stocks are exhausted, no more will be manufactured for the duration of the war. 


tPrices on request. 





{Polarizing voltage terminals now supplied on standard model. 
§ New model replacing that listed in Catalog K, 1939 edition. 
|| When present stocks are exhausted, no more will be manufactured for the duration of the war. 





Type Price Type Price Type Price 
§$546-B $80.00 | 1651-P2 "Vee —— 717-A, B, F,G . $1.50 
—549-C 70.00 a . Discontinued | 721-A Discontinued 

549-P2 30.00 654-A . . $85.00 | 722-D 110.00 
§561-D__.. 375.00 663-A, B, C, D, E, Worm Correction 

568-D, K 4.50 F, G ; ' 5.00 Data 50.00 

568-E, L . 7.00 664-A Discontinued | 722-F 85.00 

572-B 10.00 666-A Discontinued Worm Correction 

Discontinued 667-A 325.00 Data 35.00 

eA Bit. 15.00 668-A 10.00 | 722-FU Discontinued 

578-AR, BR, CR 668-B, C . 12.50 722-M 100.00 

Discontinued 669-A 17.50 Worm Correction 

578-AT, BT, CT 669-R Discontinued Data 35.00 

Discontinued 670-BW . Discontinued 722-N 150.00 

583-A 95.00 670-F i. 45.00 Worm Correction 

ae Discontinued 670-FW . Discontinued Data . 35.00 

588-AM . 26.00 671-A Discontinued Quartz Insulation 

602-D, E 25.00 672-A 130.00 (all nail 55.00 

602-F, G. 35.00 673-A 180.00 | 724-A 190.00 

602-J . 50.00 Gia, . nw 25 | 726-A 165.00 

602-K 45.00 Package of 10. 1.50 | ||731-B. 195.00 

602-L 58.00 | 674-D . .. . 50 | ||731-P5-1 and 2 . 10.00 

602-M 70.00 Package of 10. 4.00 | ||731-P6-1 and 2 . 10.00 

602-N 62.00 ee a eee .30 | 732-B ee 245.00 

605-B 415.00 Package of 10 1.65 732-Pl 150.00 

608-A 260.00 674-P_. ; 30 | 732-P5 10.00 

610-A 32.00 Package of 10 1.75 | 732-P6 10.00 

611-C Discontinued | $675-N .. . 315.00 | 733-A Discontinued 

612-C 190.00 676-A 145.00 | 736-A 640.00 

612-K , 125.00 677 Discontinued | 739 _ . Discontinued 

613-B, Pl Discontinued 678 Discontinued | [740-B 140.00 
§614-C . . 275.00 | $1681-B 145.00 | 741 Discontinued 

616-D . . 575.00 682-B Discontinued | §759-B 195.00 

Calibration Chart 20.00 684-A Discontinued | §759-P21 . 11.50 

617-C . . 500.00 686. Discontinued | 760-A 260.00 

619-E_.. 360.00 692-B 140.00 | 775-A .. . . 240.00 

620-AM . 555.00 698-A 220.00 | 813-A (1000cycles). 34.00 

620-AR . 490.00 699-A 215.00 | 813-B (400 cycles) 

625-A, Pl Discontinued | ie 555.00 Discontinued 

631-B. 95.00 | 702-A,B,F,G . 1.75 | -814-AM, AR 97.50 

re 4.50 703-A, B, F, G 2.00 | 814-P2 . 17.50 

637-A , : 30 704-C, D 6.00 814-P3 12.00 

Package of 10 2.10 705-A, F . Low) Bee) yk a. 

G7e.G.m. .. 30 706-C, D 6.50 | 830-A, C, D, E, F, 

Package of 10. 2.35 7O7-A 195.00 H ss 

637-J . on 40 707-P1,P2 .. 7.00 | $30-B. 21.50 

Package of 10. 2.75 707-P42, P50, P60, 830-R 19.50 

a ‘ a are A5 Phe P400, ‘P1000, §834-B 250.00 

ackage of 10. 3.20 aoee.. te 25.00 § Broadcast Frequency 

637-P,Q,R,S ... 50 710-A, B, F,G . 1.25 Monitor(Type 25-A) 560.00 

Package of 10 3.79 712-A, F. 1.25 a: 

641 Discontinued 713-BM . 485.00 | (¢_10-H with Measur- 

642-D Discontinued | 713-BR 510.00 ing Equipment . 1920.00 

646-A Discontinued 714-A 190.00 C-21-HLD (a-c oper- 

648-A 150.00 715-AE . 250.00 ated) . 2595.00 

650-A 175.00 715-AM . 225.00 | C-21-HLD (battery 

651-AE . 410.00 | §716-BM . 360.00 operated) . 2720.00 

651-AM . . . . 490.00 | §716-BR 339.00 | Measuring Equipment 
eee — 716-P2 Discontinued for C-21-HLD  . 2325.00 





INSTRUMENTS REPLACED BY NEW MODELS 


Described in 

Type New Model EXPERIMENTER 
100-K,LVariac. . . Pgh bac sige sake Jae oc al og July, 1939 
475-B Frequency Monitor Be Re aia cage? oa cae rage \ gee creat ge January, 1940 
Se eee eee April, 1941 
561-C Vacuum-Tube Bridge . ..... . . . 561-D November, 1941 
614-B Selective Amplifier .. be is Sy foe 
616-C Heterodyne Frequency Meter oe ae ae ee 
675-M_ Piezo-Electric Oscillator. . . . . . . . +. 675-N 
681-A_ Frequency-Deviation Meter . ... . . . 681-B January, 1940 
716-A Capacitance Bridge . ........ .. . 716-B April, 1942 
759-A Sound-Level Meter . . ...... . . 759-B April, 1940* 
834-A Electronic Frequency Meter... 834-B 


NEW INSTRUMENTS ANNOUNCED SINCE THE PUBLICATION 


OF CATALOG K Described in 
Type Price EXPERIMENTER 

25-A Broadcast Frequency Monitor . . . . . . $560.00 January, 1940* 
50-A,B Variac .. ae ee a July, 1939 
138-UL — Binding Post Rinaatilby te ea ote ae es ohne 50 April, 1942 
318-C RI mis GR ene og lg at! Se sak 39 December, 1940 
700-P1 PE ge ee ee ee 35.00 August, 1939 
I sr AN a ee ee gs wien «ey 1.25 August, 1940 
i 0 ee re OO ie ae le 2.50 August, 1940 
717-K,L Dials... i hig ae Da ee oe G, Ge, aD 2.00 August, 1940 
723-A, B_ Oscillator (battery) co see Pek Tae Abe 70.00 October, 1941 
fae, © Geer ee). ww lt lll ll 90.00 October, 1941 
723-P1 AAS PemerGemey. 2 klk lt lt tl 22.00 October, 1941 
723-P2 Replacement Batteries . . . .... =. 2.00 October, 1941 
726-P1 Multiplier .. Sag) “chaser Naren cks C fat. eae 15.00 May, 1940 
727-A Vacuum Tube Voltmeter a rr se een May, 1942 
729-A Megohmmeter (battery operated) . . . . . 85.00 July, 1940 
740-BG Capacitance Test Bridge . . . .. . . . = 160.00 February, 1939 
757-A ee pe eee eee August, 1941 
757-P1 ee ee ee ee 45.00 August, 1941 
758-A og ig a et we 28.00 August, 1940 
ee a a 32.50 ” 
eee ee ee ee ee ee ee 30.00 ° 
po 55.00 January, 1942 
761-A ee Sk ke te Oe Se June, 1941 
769-A Square-Wave Generator . . .. . . . . 150.00 December, 1939 
774-E, M 1.50 
774-G, P, F, N 1.00 
774-R1, R2 eer ces ae a 4.00 April, 1941 
774-X 4.50 
774-YB 3.50 
783-A ee eee February, 1942 
804-B U-H-F Signal Generator... ot. OS February, 1941 
821-A Twin-T Impedance- Measuring Cicouit Se: January, 1941 


*Descriptive folder available on request. sili 
iN 
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